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aspects of a single biological
module?
This new study [12] implicates
the partitioning of a ‘master control
gene’ into sub-components that
pattern separate domains of gene
function. Precisely how this is
accomplished, and whether the
principles can be applied more
generally beyond fru, remains to be
seen. One possibility is that the
various FruM isoforms contribute to
a ‘neural code’, where different
combinations of FruM protein types
specify unique neuronal features,
and perhaps behaviors. Whether
this is the case will require detailed
analysis of the relationships
between the developmental
phenotypes assayed here and
the behavioral output mediated
by fru.
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R407Contact Zones: Natural Labs for
Studying Evolutionary Transitions
Contrasts between related diploid and polyploid taxa can serve as
windows into the evolution of sexual systems. A recent study of amoving
diploid–polyploid contact zone explores this topic in novel ways.Christian Lexer
and Marcela van Loo
Hybrid zones, or zones of genetic
admixture, have been described
as ‘natural laboratories for
evolutionary studies’ [1]. In
organisms for which plenty of
DNA sequence or genetic
mapping information is available,
hybrid zones could actually be
seen as full-blown ‘genomics core
facilities’ for evolutionary biology,
enabling studies of the genetic
architecture of adaptation and
speciation [2]. The discovery of
moving contact zones between
monoecious hexaploid and
dioecious diploid populations ofthe wind-pollinated plant
Mercurialis annua in Spain,
published recently in Current
Biology [3], adds yet another
dimension to this topic. Zones
where different cytotypes of
a species or a species complex
meet may provide researchers
with a rare window into one of
the current ‘hot topics’ of
evolutionary biology: the
evolution of sexual systems.
It has long been known that the
relative success of co-existing
cytotypes is frequency-dependent,
and that both self-fertilization
(selfing) and ecological divergence
can prevent extinction of the rare
type [4]. Selfing is especiallyimportant for the fate of polyploid
taxa, as previously evolved
mechanisms of self-incompatibility
frequently break down in
polyploids (Figure 1A) [5]. What
happens then is a controversial
question [5–7]. In one view,
increased heterozygosity may
effectively shield newly arisen
polyploids from inbreeding
depression, so that selfing due to
incompatibility breakdown may
facilitate the establishment of
polyploid lineages [7]. In this view,
selfing would confer an advantage
to newly arisen polyploids via
‘reproductive assurance’.
Inbreeding depression may,
however, often be severe in
polyploids, depending on the
dominance coefficients of the
genetic loci involved in fitness
differences [5,6]. This would
allow the invasion of male-sterile
mutants unable to self, and thus
trigger the evolution of dioecy
(genders on separate plants)
from monoecy (genders on
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Figure 1. Two contrasting scenarios for the evolution of sexual systems in polyploids.
(A) Scenario invoked for 20 independent evolutionary events involving polyploids in 12
different plant genera [5]. Polyploidy disrupts self-incompatibility (SI) in monoecious,
diploid taxa, resulting in self compatible (SC) monoecious polyploids. Selfing and in-
breeding depression (IBD) in these polyploids facilitate invasion by male sterile plants,
which triggers the evolution of dioecy. (B) Scenario invoked for M. annua (annual mer-
cury) [3]. Polyploidy disrupts sex determination in dioecious diploids, resulting in mono-
ecious polyploids that are self compatible. Dioecy may subsequently be re-established
over time by selection on the sexual system — the presence of androdioecious and sub-
dioecious individuals may help polyploids avoid selfing and inbreeding depression, lead-
ing to dioecy in the long run. Note, however, that monoecy appears to be selectively
maintained in annual mercury over much of its species’ range [9]. The future direction
of sexual system evolution in annual mercury is therefore currently unclear, as is the pre-
cise origin of andro- and subdioecy, as symbolized by the dotted arrow. (Figure modified
from [5].)the same plant) in polyploids,
a well documented scenario
(Figure 1A) [5].
The dioecy–monoecy contrast
looks quite the opposite in the
Mercurialis annua species
complex, referred to asM. annua or
annual mercury from here onwards
(Figure 1B). Here, diploids are
dioecious, so there is no
incompatibility system that could
suffer upon polyploidization.
Rather, sex determination
apparently broke down when
polyploids formed, leading to
a monoecious, self-compatible
mating system. Androdioecious
(mixed male/hermaphrodite)
and subdioecious (mixed male/
female/hermaphrodite) polyploid
populations of annual mercury
do exist, which indicates
a potential for the re-establishment
of dioecy in polyploids [5,8]
(Figure 1B). Nevertheless,
monoecy in polyploid annual
mercury appears to be selectively
maintained over large areas of
the polyploids’ range [9], so the
future direction of sexual system
evolution in polyploids remains
mysterious. Is annual mercury
just an ‘exception to the rule’
then, or is it perhaps too early to
formulate rules in the first place?
Contact zones may greatly
expand the power of
diploid-polyploid contrasts for
addressing the evolution of sexualsystems, as demonstrated by
a recent study involving artificial
mating arrays in this species [3]
(Figure 2).
Along the Mediterranean and
Atlantic coasts of Spain, diploid
dioecious populations have
displaced hexaploid monoecious
populations of M. annua by
about 80 and 200 kilometres,
respectively, over a period of
four decades [3]. Diploid and
hexaploid individuals of annual
mercury do cross-pollinate in
nature, but the resulting hybrid
progeny are highly sterile [9]. So
contact zones between these
cytotypes may be seen as
‘tension zones’ [10] maintained
by frequency-dependent
selection. Thus, this ‘replicated
natural experiment’ of cytotype
displacement along two coasts
provides an opportunity for
addressing the interaction
between ploidy level variation
and the evolution of sexual
systems via artificial mating
arrays (Figure 2) [3]. What can
this complex puzzle tell us about
the likely causes for displacement
of cytotypes in nature?
Buggs and Pannell [3] found
that few progeny produced by
diploid maternal plants were
hybrids, whereas a large
proportion of progeny produced
by hexaploid plants were hybrids
(Figure 2B). Notably, high plantdensities and high diploid
frequencies had a strong positive
effect on the susceptibility for
hybridization (Figure 2B). Clearly,
‘pollen swamping’ by diploid
donors severely compromised the
reproductive potential of the
hexaploids, thus leading to
displacement of the latter cytotype.
This pattern is different to that
observed in mixed ploidy
pollinations between diploid and
polyploid fireweed (Chamerion
angustifolium) — here, polyploids
enjoyed siring advantage over
diploids and thus experienced
less gene flow than their diploid
counterparts [11].
An additional result of artificial
mating arrays in mercury was that
self-pollen grains were more
successful at pollinating polyploid
stigmas than predicted at low, but
not at high, plant densities [3]. This
would explain why selfing in
polyploid mercury cannot offset
the effect of pollen swamping by
diploids in nature: although
polyploids must pass through
population bottlenecks,
established populations of
annual mercury are often very
dense, and under these conditions
selfing rates in polyploids will be
low. So metapopulation dynamics
[12,13] enters the equation too.
In effect, the extent to which
selfing can counteract the effect
of pollen swamping via
‘reproductive assurance’ in
nature will depend primarily
on how often plant densities
are low.
Clearly, annual mercury is an
unusual case that calls for closer
examination of sexual system
evolution in other diploid–polyploid
contact zones. A similar
dioecy-monoecy contrast has
been observed in other taxa, for
example in Empetrum spp. [14],
but in general the reverse
contrast seems to be more
frequent in the plant kingdom
(Figure 1A) [5]. Unfortunately,
reports of well characterized
diploid–polyploid contact
zones that could be used as
‘natural labs’ for evolutionary
studies are infrequent (but
see [15–18]).
Even in the relatively well
characterized diploid–polyploid
zones of annual mercury, many
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Figure 2. Schematic representation of artificial mating arrays designed to study the
biological basis of cytotype displacement in M. annua, annual mercury [3].
(A) Experimental setup. Dioecious diploid (2x) and monoecious hexaploid (6x) plants of
M. annua were planted in ratios of 1:3, 1:1, and 3:1 within low density (64 plants/16 m2)
and high density (64 plants/1.44 m2) artificial mating arrays. The sex ratio for the dioe-
cious diploid cytotype was 1:1. The proportion of hybrid (tetraploid, rarely aneuploid)
and non-hybrid (2x, or 6x) progeny produced by seed-bearing 2x and 6x plants was
determined by measuring DNA content through flow cytometry. (B) Proportion of hy-
brids in the progeny of dioecious 2x and monoecious 6x plants across three different
2x/6x ratios and two different density treatments, depicted in the form of stacked bar
diagrams. Very few progeny produced by diploid maternal plants were hybrids,
whereas a large proportion of progeny produced by hexaploid plants were hybrids.
Notably, high densities and high diploid frequencies had a strong positive effect on
the susceptibility for hybridization.questions remain to be
addressed. What is the exact
role of androdioecy in shaping
the observed patterns of
cytotype displacement? What is
the role of ecological divergence
between cytotypes? Addressing
the former question will require
artificial mating arrays involving
males at different frequencies
[3]. Answering the second
question will benefit from
reciprocal transplantation
experiments involving extreme
habitats from the aridity gradient
across which the transition
between diploids and hexaploids
occurs [9]. Neutral marker
studies indicate that genetic
differentiation is significant
among populations of
monoecious, dioecious, and
androdioecious populations of
M. annua [19], so the potential
for local adaptation appears to
be far from negligible.All in all, what is bad news for
hexaploid annual
mercury — according to the data
at hand, its future demise would
seem inevitable — is good news
for students of evolutionary
transitions: moving
diploid–polyploid contact zones
emerge as promising venues for
studying the evolution of sexual
systems, provided that the
complexities of mixed-cytotype
zones are taken into account.
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